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1.INTRODUCTION
Non-Newtonian liquids are encountered in many technological applications including polymer processing, biotechnology, lubrication of aerospace and automotive vehicles and nuclear thermo-hydraulics [1] . Such fluids may be delineated broadly into three classes, namely "rate type", "differential type" and "integral type". The Oldroyd-B fluid model belongs to the "rate type" of model and is a generalization of the upper-convected Maxwell model. Rate models provide features not possible in the differential [2] or integral type models, and these include stress relaxation, material retardation, nonlinear creep and normal stress differences in simple shear flows. However further modification is required to simulate shear thinning/shear thickening effects.
Although the original Oldroyd-B model is in fact a three-dimensional rate-type models satisfying frame indifference, in modern fluid dynamics it has evolved into one of the simplest constitutive fluid models available for modelling viscoelastic flows under general flow conditions. In recent years this model has stimulated renewed interest as it quite accurately captures the shear-stress-strain characteristics of many working fluids encountered in the nuclear, petroleum and materials processing industries. Tan et al. [3] investigated Oldroyd-B fluid transport in porous media with a modified Darcy law, employing a Fourier sine transformation. Further studies of Oldroyd-B fluids include transient hydrodynamics in a helical pipe [4] , inclined channel slurry flows [5] , bifurcating heat transfer in permeable media [6] and flat plate accelerating flows [7] .
The above studies ignored electrically-conducting properties of the fluid. However, many working fluids are doped with salts or carry electrical charges. To simulate this behaviour the preferred approach is magnetohydrodynamics (MHD). MHD is important in modern nuclear engineering systems since via the imposition of a magnetic field it is possible to successfully control the heat transfer rates in ducts, channels etc. MHD features in lithium blanket systems [8] , nuclear coolant pumping [9] and tokamak liquid metal systems [10] . [21] for Maxwell fluids and Renardy [22] for Oldroyd B fluids. In this latter study an exact solution (quadratic velocity profile) was obtained for the axisymmetric case whereas for the planar case, the velocity was shown to be quadratic close to the stagnation point, whereas it followed an exponential growth further away. These studies were confined to the orthogonal The classical approach to modelling heat transfer in viscous flows has been the Fourier thermal conduction equation [30] . This approach however diminishes heat conservation formulation to Validation with the Adomian decomposition method is included. To the best knowledge of the authors the present study has never been reported before and is relevant to certain nuclear and materials processing operations.
PHYSICO-CHEMICAL MAGNETOHYDRODYNAMIC VISCOELASTIC TRANSPORTMODEL
Consider the steady, two-dimensional oblique stagnation flow and mixed convection heat and .
The constitutive equation for Oldroyd-B fluid are:
= − + , ( )
Here the upper-convected time derivative, , in a Cartesian coordinate system can be defined as:
For this problem velocity vector and stress tensor is defined as:
Navier stokes equations become then: 
(
Here ̅ having ̅ 1 and ̅ 2 as the ̅ 1 − and ̅ 2 − velocity components respectively, is effective kinematic viscosity, ̅ is pressure, is s density, the term × is ponder motive force of the fluid because of electric current, is current density of fluid and is the magnetic flux. is constant known as magnetic permeability, E is electric field and is electric conductivity, is spherical part of stress tensor and is extra stress tensor, ̅ is temperature of the fluid, 1 is relaxation time, 2 is retardation time, is thermal diffusivity, ∞ is ambient fluid temperature, ̅ 1 and ̅ 2 are absorption coefficients of the organic classes and , and are the rate factors, assuming the same reaction progressions, and are dispersion quantities, , . are constants, ̅, the heat flux satisfying the non-Fourier theory [41]:
In Eqn. (7) 2 is thermal retardation time and , denotes the viscoelastic fluid thermal conductivity. Eliminating ̅ from Eqns. (15) and (18) yields:
The prescribed boundary conditions at the wall (sheet) and free stream are:
Introducing similarity transformations following Nadeem et al. [42] :
Invoking Eqn. (22), into Eqns. (13) − (21), yields the following dimensionless equations: 
The normalized boundary conditions take the form:
Here 1 = 1 and 2 = 2 are the relaxation and retardation Deborah numbers, )} = 0, 
Assuming the dispersion constant of organic class reactants and are of similar extent, using the following constraint = ⇒ = 1, leads to:
The transformed "similarity" boundary conditions (36 − 37) assume the form:
Using asymptotic condition (34) in Eqns. (28) and (29), we get:
Here is a boundary layer constant.
Introducing:
Using Eqns. (35) 
The associated boundary conditions emerge as:
Here ( ) / denotes ordinary derivative with respect to 2 .
Important engineering design quantities are the local heat and mass flux, which in dimensional and non-dimensional form are defined respectively as:
COMPUTATIONAL SOLUTIONS OF BOUNDARY VALUE PROBLEM
Analytical solutions of non-dimensional nonlinear coupled ordinary differential equation system defined by Eqns. 
4.VALIDATION WITH ADOMIAN DECOMPOSITION METHOD (ADM)
Since the present model is novel there are no existing solutions in the literature with which validation of the general model can be conducted. We therefore use an alternative approach and validate the solutions with an alternative numerical method known as Adomian decomposition method (ADM). Eqns. (37) − (40) with boundary conditions (41) are therefore re-solved with ADM and selected comparison is visualized in Fig. 2 . Introduced by Adomian [45] this approach employs very precise polynomial expansions to achieve faster convergence compared with other methods. ADM has been exploited recently in numerous sophisticated fluid dynamics problems. The reader is referred to Kezzar and Sar [46] and Ebaid et al. [47] who studied nanofluids, Bég et al. [48] who applied ADM to bio-magneto-rheological lubrication flows (ii) Concentration of chemical species increases with elevating Schmidt number whereas it is depleted with increasing strength of homogeneous-heterogeneous reactions.
(iii) Normal and tangential velocity components are influenced differently with increasing relaxation Deborah number.
(iv) With increasing Prandtl number the tangential velocity component is accelerated further from the wall whereas it is decelerated near the wall.
(v) Increasing Biot number decelerates tangential velocity near the wall whereas it induces the opposite effect further from the wall towards the free stream.
(vi) Local heat flux is stifled with increasing magnetic field parameter .
(vii) Local mass flux is reduced with increasing homogeneous reaction parameter and also with greater magnetic field parameter whereas it is elevated with increasing heterogeneous reaction parameter and Schmidt number.
An important implication of the current work is that the complex rheology, reactive and other effects have a significant impact on the fluid dynamics of the stagnation flow. The multi-physics is therefore important in more realistic simulations for nuclear reactor transport phenomena. It is envisaged that inclusion of these complex phenomena (non-Fourier, rheological, magnetic etc) associated with real fluids in nuclear engineering should not be neglected. The current simulations have considered a no-slip wall condition for velocity. Future studies will investigate both isotropic and anisotropic hydrodynamic slip and furthermore may explore thermal and solutal slip also.
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( ) ℎ ′ ( ) with mixed convection parameter . Local heat and mass flux
